Detoxification of water has been demonstrated with a viologen-based cationic organic network (compound-1), which was stable not only in water, but also in acidic and basic media. 
Introduction
Increasing water pollution has become a global concern in recent years, and remediation of such toxic pollutants has drawn much attention worldwide. Pollution due to metal derived oxo-anions (CrO 4
2À
, TcO 4 À , SeO 3 2À , AsO 4 3À etc.) has become a pressing challenge, as most of them are omnipresent in the environment. 1 Especially, Cr(VI) based oxo-anions are found to be very carcinogenic and mutagenic to living systems. 2, 3 Understanding the importance of this, the EPA (Environmental Protection Agency, U.S.) has included such oxoanions in the priority pollutant list. 4, 5 Chromate has been found in a wide range of applications in various industries like leather tanning, textile dyes and pigments, steel manufacturing, wood preservation, electroplating etc., where tanning industries alone discharge $30-35 liters of Cr(VI) contaminated water for each kilogram of leather. 6, 7 It also affects the vitrication of low activity radioactive waste, as it forms spinels and has resulted in weakening the integrity of waste glass. 8, 9 Furthermore, the Hinkley groundwater contamination is one of the well known disasters caused by dumped Cr(VI) in California. 10 Apart from this case, several more incidents were found, and moreover the problems are still continuing, which has led researchers to design affordable and efficient techniques to capture Cr(VI) based oxo-anions. 11, 12 Apart from chromate, another oxo-anion, the pertechnetate (TcO 4 À ) ion, has caused much concern as one isotope of technetium ( 99 Tc) is a radioactive element with a very high half-life time (2.1 Â 10 5 years). 99 Tc has been found to be formed as a nuclear ssion product of 235 U or 239 Pu with a high ssion yield. Up to 2010 it was estimated that $305 metric tons of 99 Tc was produced from weapons testing and nuclear reactors. 13 Furthermore, Tc exists mostly as TcO 4 À in the environment, which is highly soluble in water with high mobility. As a consequence of this, TcO 4 À may also exist in low level waste.
To date, many different techniques have been employed for the removal of oxo-anions, like ion exchange, chemical precipitation, adsorption, electrodialysis, photocatalysis etc. [14] [15] [16] [17] The ion exchange method has been considered as a more efficient technique over the others owing to its low cost, being comparatively simple and safe, and its efficient performance even for waste which has a low concentration of pollutants etc.
18,19
Although several anion exchange resins have been reported, their poor selectivity, poor exchange kinetics and lack of stability have led researchers to render new materials for efficient oxo-anion capture from water. 20 As an alternative, porous cationic framework based materials, such as layered double hydroxides (LDHs), metal-organic frameworks (MOFs) etc., have emerged in recent years. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Recent reports have shown that both MOF and LDH materials can be useful for the removal of toxic and hazardous anionic pollutants from waste water.
36-39
Progress in the area of porous materials has skyrocketed over the past few decades due to their wide range of applications. Among them, metal-organic frameworks (MOFs) and lately evolved porous organic materials have seen much progress in recent years over congener materials, because of features like amenability in their design, high surface areas and tuneable pore surfaces as per requirements. [40] [41] [42] [43] [44] [45] [46] [47] Although MOFs have been employed to capture oxo-anions from water, a lack of sufficient physiochemical stability of most of the MOFs and difficulties in the bulk scale synthesis have hindered their applications. 48, 49 In contrast, porous organic materials are constructed from strong covalent bonds, which result in a high physiochemical stability. Such stability has made them one of the frontrunners in the area of porous materials, and it has been witnessed that for real time applications the stability has gained more priority over direct structure property correlations.
50,51
These compounds have already acquired much attention in the eld of gas adsorption, catalysis, drug delivery, fuel cell applications etc.; but are very rarely employed to capture hazardous oxo-anions from water. [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] To execute anion capture via ion exchange, a cationic network with exchangeable anions is a primary requirement. But direct synthesis of such cationic organic frameworks has rarely been explored. [64] [65] [66] [67] [68] In the literature very few reports are present on the direct synthesis of ionic organic frameworks, and viologen based organic frameworks are one of them, which have been synthesized via a Schiff base reaction, Sonogashira-Hagihara coupling, a Menshutkin reaction and trimerisation of -CN groups. [69] [70] [71] [72] [73] Zincke's reaction is an effective tool to synthesize viologen based compounds in a single step, but this reaction has not been used much to synthesize extended porous organic networks. [74] [75] [76] Trabolsi & coworkers showed that the morphologies of compounds can be different depending on the polarity of solvents used during the synthesis, which can directly inuence the properties of those compounds. 74 Owing to such a structural diversity and chemical stability, cationic frameworks can be well suited to the capture of hazardous anionic pollutants from water. Herein, we have demonstrated the efficient capture of toxic oxo-anions with a viologen based organic network (compound-1) owing to its chemical stability and free exchangeable anions (Fig. 1) .
Experimental

Materials
4,4
0 -Dipyridyl, 1-chloro-2,4-dinitrobenzene and 4-aminobenzonitrile were purchased from Sigma-Aldrich, KReO 4 was purchased from Alfa-Aesar; triic acid, KMnO 4 and K 2 CrO 4 and all other solvents were purchased locally. The obtained chemicals were used without any further purication.
Physical measurements
All infra-red (IR) spectra were recorded using a NICOLET 6700 FT-IR spectrophotometer, using KBr pellets in the range of 400-4000 cm À1 . Thermogravimetric analysis (TGA) was recorded on a Perkin-Elmer STA 6000 TGA analyser under an N 2 atmosphere with a heating rate of 10 C min À1 . Gas adsorption measurements were carried out using a BelSorp-max instrument from Bel Japan. FESEM was performed using a FEI Quanta 3D dual beam ESEM at 30 kV. UV spectra were acquired on a Shimadzu UV 2600 Spectrophotometer.
Synthesis of 4,4
0 ,4 00 -(1,3,5-triazine-2,4,6-triyl)trianiline (precursor 1)
Precursor 1 was synthesised from 4-aminobenzonitrile via an acid catalyzed trimerisation reaction by following a previously reported protocol.
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Synthesis of 1,
Precursor 2 was also synthesised by following a previously reported protocol.
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Synthesis of compound-1
Compound-1 was synthesized via the Zincke reaction of precursor 1 and 2 (Scheme S1 †). First, a Schlenk tube was charged with 560 mg of precursor 2 (1 mmol) and 177 mg of precursor 1 (0.5 mmol); then 20 mL of ethanol (EtOH), 20 mL of 1,4-dioxane and 20 mL of Cl-benzene were added respectively to the reaction mixture. Aer that, the reaction mixture was purged with N 2 gas and allowed to reux for 2 days under these conditions. Aer completion of the reaction, the reaction mixture was ltered and washed with different solvents like dimethylformamide (DMF), water, tetrahydrofuran (THF), MeCN, acetone, methanol (MeOH) and dichloromethane (DCM) to remove unreacted materials and small polymers (oligomers). A brown colored solid material was obtained, which was further kept in a 1 : 1 mixture of chloroform and THF to exchange guest molecules (with a high boiling point) with low boiling solvent molecules. Aer 4 days, the compound was ltered off and heated at $100 C under vacuum to remove the occluded guest molecules. Yield: 240 mg.
Time dependent study of oxo-anion removal
In the case of the CrO 4 2À removal study, we took 2 mL of an 
where D t is the exchange capacity, C 0 and A 0 are the initial concentration and absorbance of the oxo-anion solution respectively, and C t and A t , are the concentration and absorbance of the oxo-anion solution at specic times respectively. Furthermore, kinetics data for CrO 4 2À and ReO 4 À ions were tted in a pseudo second-order model with the help of the following equation,
where, t is the time in minutes, and Q t and Q e are the amounts of adsorbate (mg g À1 ) on the adsorbent at different time intervals and at equilibrium respectively.
Study of oxo-anion trapping in the presence of competing anions
In this study, we took Cl À , Br À , NO 3 À and SO 4 2À ions as the competing anions, which are omnipresent in common water sources and waste waters. We took an equimolar (2.5 mM; 1 : 1) aqueous solution of targeted oxo-anions and the competing anion. To the mixture, 2 mg of desolvated compound-1 was added and stirred for 18 hours. Aer 18 hours, the solution was ltered off to separate compound-1, and the solution was characterised with UV-Vis spectroscopy. The obtained solution was diluted 10 times to measure the UV-Vis spectroscopy, and furthermore the capture efficiency of compound-1 in the presence of other anions was studied by comparison with a blank (Blank: only 2.5 mM of the oxo-anion was taken instead of a mixture). Along with UV-Vis spectroscopy, this study was also affirmed by ICP-AES analyses.
Calculation of capacity
5 mg of desolvated compound-1 was kept with 2.5 mL of the 5 mM oxo-anion solution for 24 hours under stirring conditions. Aer 1 day, compound-1 was ltered out and the ltrate was used for further characterisation. UV-Vis measurements were carried out by diluting the solution. From the initial and nal absorbance values of the oxo-anion solutions we calculated the storage capacity of compound-1 in 1 day using the following equation,
where, Q t , C 0 , C t , V and m are the capacity of the adsorbent, the initial concentration of the oxo-anion solution, the concentration of the oxo-anion solution at specic times, the volume of the solution and the mass used for the adsorbent respectively. Furthermore, the capacity for compound-1 was rechecked with ICP-AES analyses.
Recyclability test of compound-1
Compound-1Ioxo-anion (10 mg) was regenerated with a 3 M HCl solution (2 mL) by keeping it for $20 hours. 35 Reusability of the regenerated material was checked with 5 mL of the 1 mM oxo-anion (CrO 4 2À and ReO 4 À ) solutions. Aer $20 hours, the concentrations of the oxo-anion solutions were measured by UV-Vis spectroscopy. These studies were repeated for up to four cycles for each of the cases (CrO 4 2À and ReO 4 À ions). Furthermore, a similar method was employed for the column where 3 M HCl was passed through the column to regenerate the material. Then, the CrO 4 2À ion solution was passed through the column to check the performance.
Results and discussion
Compound-1 was synthesized from precursor 1 and 2 via Zincke's reaction and was found to be insoluble in various solvents, which indicated the formation of an extended network (Scheme S1 †). Coskun & co-workers recently reported the structure of compound-1, synthesized via the trimerisation of -CN groups in an ionothermal method. 70 Very recently, Wen & co-workers reported the compound via Zincke's reaction with the same precursors, but different reaction conditions resulted in a different morphology of the material and this was further employed for the electrosynthesis of H 2 O 2 .
76 Furthermore, to remove occluded solvent molecules, compound-1 was kept in CHCl 3 -THF (1 : 1) for 4 days and then desolvated under vacuum at $100 C. The desolvated phase was characterized with
Fourier transform infra-red (FT-IR) spectroscopy, thermogravimetric analysis (TGA), solid state 13 C-NMR, gas adsorption, eld emission scanning electron microscopy (FE-SEM) and EDX analysis. An almost negligible change in weight up to $250 C in the TGA prole revealed the desolvation of compound-1 (Fig. S1 †) . Replacement of the 2,4-dinitroaniline via Zincke's reaction from precursor-2 was conrmed by FT-IR, as the peak at $1550 cm À1 (for -NO 2 groups) disappeared in compound-1 (Fig. S2 †) . The amount of N 2 uptake (at 77 K) was found to be 34.2 mL g À1 , and such a low uptake corroborated the presence of Cl À ions in compound-1 (Fig. S3 †) . Furthermore, CO 2 adsorption at 195 K showed strong hysteresis in the desorption prole due to interactions between the Cl À ions and the CO 2 molecules (Fig. S4 †) . A solid state 13 C-NMR study supported the presence of the triazine core along with the viologen moiety in compound-1 (Fig. S5 †) . The presence of Cl À ions was veried by EDX analysis (Fig. S6-S8 †) . Furthermore, to check the chemical stability, we kept compound-1 (25 mg) in 2 M HCl and 2 M KOH solutions for 7 days. Aer 1 week we found a negligible change in the weight for each, and further characterized these with FT-IR, TGA, FE-SEM and EDX analyses. No change in the FT-IR peak positions affirmed there were no changes in the functional groups (Fig. S9 †) . The morphologies of acid-base treated phases of compound-1 were also found to be unaltered in an FE-SEM study (Fig. S10 †) . The decomposition temperatures for each of the compounds were also found in a similar position to that of compound-1, which indicated that the networks remained similar (Fig. S13 †) . Enthused by such physiochemical stability and the presence of free Cl À ions inside compound-1, we sought to check an anion exchange study in a water medium. Due to the ionic nature of compound-1, it was well dispersed in water which can be advantageous for anion exchange studies. Furthermore, the yellow color of the CrO 4 2À solution turned to colorless with time when compound-1 was added to it. Encouraged by this observation, we thought to perform the CrO 4 2À ion capture study from water with compound-1 and monitored it with UV-Visible spectroscopy. In situ titration was carried out with 0.25 mM CrO 4 2À ions (2 mL) in water with 1 mg of compound-1 by monitoring the absorption peak at 372 nm (l max for CrO 4 2À ) in the UV-Vis spectrum (Fig. 2a) . The UV-Vis spectra of the supernatant at different time intervals revealed a continuous decrease of the peak at 372 nm due to the removal of CrO 4 2À ions. Almost 77% removal of the CrO 4 2À ions was observed by compound-1 in only 5 min, and reached $98.25% with saturation in 30 min with the decolorization of the solution (Fig. S14 and S15 †). The % removal vs. time plot showed the rapid capture of CrO 4 2À ions with compound-1 (Fig. 2d) . Furthermore, the capacity of compound-1 for CrO 4 2À ions was calculated (133 mg g
À1
) from the UV-Vis study and further veried with ICP-AES analysis (Fig. S16 †) . Notably, the capacity of compound-1 for CrO 4 2À can be counted as one of the highest values in the area of porous materials (Table S1 †). The peak at 894 cm À1 in the FT-IR spectra revealed the presence of CrO 4
2À
in compound-1ICrO 4 2À (Fig. S17 †) . Also, the appearance of Cr in the EDX analysis affirmed the capture of CrO 4 2À in compound-1, whereas the FE-SEM study showed no change in the morphology (Fig. S18-S20 ions from water were performed similarly to the CrO 4 2À ion capture. Here, 2 mL of the 0.5 mM solutions of each of the oxoanions were used to perform the study with 1 mg of compound-1. For the MnO 4 À ions, the capture study was monitored at 525 nm (l max ) while for the ReO 4 À ions it was monitored at 208 nm (l max ) (Fig. 2b and c) . For the MnO 4 À ions, a rapid decrease in the absorption spectra was observed and within 5 minutes the solution was decolorized from purple ( Fig. S21 †) . Fig. S22 and S23 †) . The EDX analysis revealed the presence of Mn and Re corresponding to their oxo-anions; whereas the absence of Cl À also conrmed the anion exchange phenomenon (Fig. S24-S27 †) . FESEM revealed the morphologies of compound-1IMnO 4 À and compound1IReO 4 À remained similar to that of compound-1 ( Fig. S28 and S29 †). Furthermore, a time dependent decrease in the concentration as well as the % removal of oxo-anions from water were calculated from UV-Vis proles (Fig. 2e, (Fig. 2e and f) . Enthused by this, we checked the capacity of compound-1 for each of the oxoanions from UV-Vis studies ( Fig. S32 and S33 †) (Fig. S40 †) . Again, the reusability of compound-1 was tested with a 3 M HCl solution. In the case of both CrO 4 2À and ReO 4 À ions, compound-1 was found to maintain its efficiency without any signicant changes for up to four cycles ( Fig. S41 and S42 †). This study showed that compound-1 was also stable even aer the capture of the respective oxo-anions and regeneration with 3 M HCl, and was further useful for the capture of those anions over a period of cycles. Moreover, a chromatographic column was prepared embedded with compound-1 and employed for the removal of oxo-anions from water (Fig. S43 †) . A 2.5 mM stock solution of each of the oxo-anions was passed through the column (see the video in the ESI †). For MnO 4 À and CrO 4 2À ions, a distinct color change of the eluent was noticed, as a consequence of being captured by compound-1 ( Fig. 3a and c) . Furthermore, UV-Vis studies revealed the absence of the oxo-anions in the eluted water, which ascertained that the compound-1 based column can be useful for the removal of toxic oxo-anions (Fig. 3b, d and S44 †). To validate whether the process is anion exchange or surface adsorption in the column, water was passed through the compound-1Ioxo-anion loaded column (see the video in the ESI †). A colorless eluent affirmed the anion exchange process, discarding any option of surface adsorption. In addition, as the compound-1 can be regenerated aer treatment with 3 M HCl solution, we tried to reuse the column in a similar way. When 3 M HCl was passed through the column, a yellow colored solution came out corresponding to the Cr(VI) oxo-anions (Fig. S45 †) . The column was used further for a second cycle of the CrO 4 2À ion capture study (Fig. S46 †) .
Conclusions
In conclusion, the rapid capture of oxo-anions from water was demonstrated with an ionic viologen based covalently linked organic network (compound- 
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